Introduction
Glioblastoma is the most frequently occurring primary brain tumor in adults, comprising half of all diffuse gliomas. It is a poorly differentiated astrocytic tumor, with high cell density, nuclear atypia, a high Ki-67 index, invasiveness and resistance to chemotherapy (Louis et al., 2007; Ricard et al., 2012) . Despite new approaches to therapy, the prognosis of the disease is still poor with a median survival time of 12-15 months. Thus, new treatment strategies are needed (Vogelbaum and Aghi, 2015) . microRNAs (miRNAs) are small, non-coding RNA molecules that are about 22 nucleotides long. There is growing interest in the role of miRNAs in the initiation and progression of cancer. Several studies have been conducted to discover the signature miRNA expression patterns of glioblastoma, and functional experiments have been undertaken on a number of molecules and their downstream targets. One study determined that miR-26a regulates PTEN in high-grade gliomas and plays a role in tumorigenesis (Huse et al., 2009) . In another study, miR-10b was upregulated in the disease and associated with a high grade and, potentially, invasion (Sasayama et al., 2009) . In other studies, miR-21, miR-7, miR-34a and miR-101 were presented as key miRNAs for the disease (Chen et al., 2008; Kefas et al., 2008; Li et al., 2011; Smits et al., 2010) .
Recently, the World Health Organization (WHO) announced a new classification of glioblastomas in which IDH-wildtype and IDH-mutant tumors were classified as different groups. IDH-wildtype is observed in 90% of glioblastoma cases with a vast majority in patients over the age of 55. The IDH-mutant type is observed in 10% of all cases, mostly in younger patients (Cloughesy et al., 2014; Louis et al., 2016; Ohgaki and Kleihues, 2013) .
A better understanding of molecular mechanisms behind the initiation and progression of glioblastoma is needed. In this study, we sought to uncover data about miRNA and mRNA relationships in glioblastomas by combining the mRNA and miRNA expression profiles of 16 glioblastoma samples, four of which were IDH mutants, seven healthy brain tissue samples, and two healthy cell lines. Here, we present an analysis of integrated data with respect to glioblastoma versus healthy and IDH-wildtype versus IDH-mutant subtypes. Notable miRNAs and mRNAs were individually observed for targeting, along with their correlation with clinicopathological features in our patient cohort.
Results

Differentially expressed miRNAs and mRNAs in our GBM cohort
16 glioblastoma samples, 7 samples of healthy brain tissue, and 2 healthy astrocyte cell lines were used to profile miRNA and gene expression. For additional tests with patient samples 50 patient samples were used (Supp. Table 1 ). 1332 genes were found to be upregulated and 1149 were found to be downregulated as a result of whole transcriptome microarray (see Supp. Fig. 1 , which shows the array study report for the gene expression microarray). With the miRNA microarray 319 miRNAs were found to be upregulated and 214 were found to be downregulated (see Supp. Fig. 2 , which shows the array study report for the miRNA microarray). To increase confidence levels for the selection of candidate genes and miRNAs, a fold change (linear) of less than -4 or greater than 4 and an ANOVA p value (condition pair) of < 0.01 were chosen as cutoff value in both arrays. The results from both microarrays were combined and analyzed by using TAC software (Affymetrix) and DAVID online databases. Dysregulated mRNAs were analyzed for their collective effect on important molecular and cellular events (Table 1) .
Additionally, further comparisons of microarray profiles were conducted by comparing IDH-wildtype samples with IDH-mutant samples. Twelve IDH-wildtype and four IDH-mutant samples were compared. Between the two groups, 34 miRNAs and 641 mRNAs were differentially regulated. Table 2 lists the affected pathways and notable deregulated genes.
Candidate mRNAs and miRNAs were chosen according to pathways and networks relevant to glioblastoma, as well as well-matched expression levels of miRNAs and their potential mRNA targets. In order to eliminate nonconforming miRNA-target gene pairs in terms of expression, miRNAs and their relevant predicted and validated targets have been compiled from databases and filtered according to consistent expression in miRNA-target gene pairs. miRNA-target gene pairs which had nonconforming expression levels, were left out and, only pairs with high miRNA expression and low target gene expression were selected in order to ensure the targeting is phenotypical in our current cohort. Next, web-based databases: mirdb.org/miRDB/, mirtarbase. mbc.nctu.edu.tw, http://targetscan.org/, pictar.mdc-berlin.de, http:// www.microrna.org have been used to evaluate which of the genesmiRNA pairs are relevant to GBM and cancer in general. Predicted targets were further selectedto balance prediction-match scores, expression level and the relevancy and novelty of the genes in glioblastoma research literature. The target prediction scores from the above mentioned databases were taken into consideration in order increase the reliability of the selection (Supp. Table 2 ). The data discussed in this publication have been deposited into the NCBI's Gene Expression Omnibus (Edgar et al., 2002) and are accessible through GEO Series accession number GSE90604 (https://www.ncbi.nlm.nih.gov/geo/ query/acc.cgi?acc=GSE90604).
Microarray data was confirmed with real-time PCR in a greater number of patient samples
The levels of selected mRNAs and miRNAs in patient samples were verified through real-time PCR. The levels of miR-21-5p, miR-92b-3p, miR-182-5p, and miR-339-5p were in synchrony with the microarray data as their levels were significantly higher in tumor samples than in healthy samples (Fig. 1) . NEGR1, ANKS1B, NEFM, NEFL, UNC13C, NPTX1 and TUSC3 levels were also confirmed to be coherent with the microarray data. All results were statistically significant (Fig. 1 ).
Anti-miR mimics were successfully transfected into GBM cells
The transfection capability of the X-tremeGENE siRNA Transfection Reagent, and the ability of the anti-miR mimics to suppress their target miRNAs in two glioblastoma cell lines were assessed. Cy3-labeled antimiR mimics were visualized after transfection. Fluorescence microscopy showed that the Cy3-labeled miRNA constructs were successfully transfected into cells (Supp. Fig. 3A) . No fluorescence was detected in the control groups. Upon transfection of anti-miR mimics, corresponding miRNA levels significantly decreased in the glioblastoma cell lines after 48 h (Supp. Fig. 3B ).
Correlation between miRNAs and corresponding targets in glioblastoma cells
We checked whether miRNAs and their target mRNAs are negatively correlated in glioblastoma samples 48 h after transfection of antimiRs into cell lines by directly measuring the miRNA levels and the levels of their corresponding mRNA targets. In cell lines, UNC13C levels could not be detected. The remaining anti-miRs successfully increased the corresponding target mRNA level in at least one of the cell lines (Fig. 2) .
To evaluate the potential regulation of mRNA targets by selected miRNAs, we checked, if there was a correlation between their levels in patient samples. miR-21-5p expression was negatively correlated with NEGR1 and ANKS1B expression, and miR-92b-3p expression was negatively correlated with NEFL expression, whereas miR-339-5p expression was negatively correlated with TUSC3 expression (Fig. 3) .
miR-21 and miR-339 inhibition decreases migration and invasion in GBM cell lines
Downregulation of miR-21-5p and miR-339-5p significantly decreased invasion and migration capacity of A172 and U-87 cells. antimiR-182-5p transfection decreased invasion and migration capacity of A172, but it had no effect on invasion and migration in U-87. miR92b had no observable effect on migration and invasion of GBM cell lines (Fig. 4A,B ).
miR-21 and miR-339 might play a role in apoptosis evasion of GBM cells
Reduction of miR-21-5p and miR-339-5p levels stimulates apoptosis in GBM. antimiR-21-5p transfection increased Annexin V + 7AAD-cell population, namely the early apoptotic cells after 48 h by %12 in A172 and %32 in A172. antimiR-339-5p transfection also increased apoptosis by %21 and %62 in A172 and U87, respectively. AntimiR-92b-3p had no effect on apoptosis in U-87, whereas, it induced apoptosis by %52 in A172 when compared with anti-scr control (Fig. 4C). 2.7. A Number of miRNAs in the dataset correlated with drug sensitivity in RNA-Seq data obtained for GBM 5 miRNAs (MIR155HG, MIR4325, MIR181B2, MIR1234, MIR193A) were identified. 4 of these miRNAs showed a positive and one showed a negative correlation with irinotecan IC50 values (Fig. 5A) . As the result of the second test, we found that increased MIR339 expression correlated with decreased sensitivity to 17AAG (HSP90 inhibitor) in both CCLE and CGP. MIR339 level was also found to be inversely correlated with Belinostat resistance (HDAC inhibitor) in CGP. Increased MIR92B level was related to resistance to WZ3105 (multi kinase inhibitor, including SRC, ROCK2, NTRK2, FLT3, IRAK1, others). miR-21 level was correlated withponatinib, and miR-182 level was correlated with Talazoparib resistance (PARP inhibitor) in CGP (Fig. 5B ).
Correlation between the level of dysregulated miRNAs and mRNAs with clinicopathological features of glioblastoma patients
We evaluated the relationships between miRNA and mRNA levels and the clinicopathological features of glioblastoma patients, including age at diagnosis, WHO grade, age at diagnosis, tumor volume, p53, p16, MGMT, Ki-67, Olig-2 and survival. For the chi-square tests, patient samples were separated into two groups of low and high levels of the corresponding miRNA or mRNA level by using the median value in each group.
Among the clinical characteristics evaluated, TUSC3 and NEGR1 expressions were correlated with young age at diagnosis while miR-21-5p expression level was correlated with older age at diagnosis. TUSC3 was also associated with higher tumor volume (Fig. 6 ). As a result of chi-square tests, TUSC3 was found to be inversely correlated with Olig-2 staining. miR-21-5p was inversely correlated with MGMT status. For the GBM vs. healthy sample comparison in our cohort, number of genes, percentage of genes in the function or pathway in comparison to the total number of filtered genes for analysis, p-value and Benjamini-Hochberg value for false discovery rates are listed. Additionally relevant molecules are listed with fold change, location, type of molecule, their present role as a biomarker and drugs that act against them.
Additionally low NEGR1 level was associated with recurrence in our samples. Finally, NEGR1 was positively correlated with p16 (Table 3) . As a result of Kaplan-Meier survival analysis low levels of miR-92b-3p, miR-182-5p, NEFM and UNC13C were associated with shorter overall survival (Fig. 7) . Bioinformatics survival analysis showed that expression of miR-182, NEFM and UNC13C were positively correlated with increased overall survival time in GBM. Although miR-92b expression was associated with good prognosis in our patient cohort, we could not detect any significance for miR-92b on survival in survival analysis with The Cancer Genome Atlas (TCGA) data (Supp. Fig. 4 ).
Discussion
Glioblastoma is the most aggressive primary malignant tumor of the brain that can arise in the cerebral cortex, cerebellum, brain stem or spinal cord. These tumors appear most commonly after the seventh decade of life. Glioblastomas are poorly differentiated astrocytomas that exhibit low apoptosis, high mitosis and rich neo-angiogenesis. Although the origins and genetic features of this tumor are highly heterogeneous, common amplifications of EGFR and PDGFRA, and losses of NF1, PTEN and CDKN2A/B, have been observed (Brennan et al., 2013; Patel et al., 2012; Ramkissoon et al., 2015) . Recently, WHO defined a criterion of IDH mutation to determine the glioblastoma grade. Mutations in IDH1 were detected in an integrated genomic analysis study (Parsons et al., 2008) and tumors with an IDH-mutated genotype are associated with double the overall median survival rate compared with those having an IDH-wildtype genotype (Molenaar et al., 2014) . With only a median survival of 14 months under combined therapy, glioblastoma continues to be one of the most devastating tumors of the central nervous system despite extensive studies to determine molecular markers and new surgical and treatment methods (Shirazi et al., 2011; Veliz et al., 2015) . Therefore, efforts to identify biomarkers that are related to tumor grade, survival and clinicopathological features are crucial to improve treatment options for patients with the disease. In this study, we present a combined miRNAmRNA analysis of a glioblastoma cohort with the latest versions of two microarrays using the same set of patient samples for both. Although there is a considerable number of studies about miRNA and gene expression profiles in GBM tissues, combining the data from miRNA and mRNA profiles of the same patients in our study provides novel and For the comparison of IDH wild-type and IDH mutant samples in our cohort, number of genes, percentage of genes in the function or pathway in comparison to the total number of filtered genes for analysis, p-value and Benjamini-Hochberg value for false discovery rates are listed. Additionally relevant molecules are listed with fold change, location, type of molecule, their present role as a biomarker and drugs that act against them.
valuable information about glioblastoma pathways and gene networks, since this is the most reliable approach to observe how the level of a miRNAs can influence the level of its target genes in the cell. In both glioblastoma versus healthy and IDH-wildtype versus IDHmutated groups, we observed activation of similar pathways and functions as a result of analysis using the DAVID database. In the IDHwildtype group, the major tumor-driving pathways in glioblastoma, such as MAPK, Ras and cAMP signaling, were more active than in the IDH-mutated group. Furthermore, ITGB3, ITGB5, MMP2, MMP9 and PLAUR, which have been associated with glioma invasiveness, were upregulated in the GBM vs healthy comparison. This pattern might be one of the driving factors of a worse prognosis (Zheng et al., 2014) . We also observed that, in the IDH-wildtype versus IDH-mutated comparison, PI3K-Akt signaling was active which is in synchrony with previous studies (Birner et al., 2014; Wakimoto et al., 2014) . This relation was absent in the tumor-versus-healthy comparison. Such differences can be put to use to elucidate the different mechanisms behind tumorigenesis in IDH-wildtype and IDH-mutated tumors. Additionally, as a result of in silico drug sensitivity correlation study, we have presented further miRNAs; miR-155, miR-4325, miR-182b, miR-1234 and miR-192a as potentially important genes for GBM as they significantly correlate with resistance to irinotecan which is a cytotoxic drug. Moreover, as a result of a linear correlation analysis between miRNA RPKM values and IC50 data RNA-Seq analysis, using E-MTAB-2706 data, miR-339, miR-92b, miR-21 and miR-182 were found to be correlated with resistance to 17AAG, WZ3105, AP24534 and Talazoparib respectively.
In this study, miRNAs 339-5p, 21-5p, 92b-3p, and 182-5p were found to be significantly upregulated in glioblastoma samples. The potential oncogenic role of miR-339 in glioblastomas and its relationship with ICAM-1 has been mentioned previously, in which downregulation of the miRNA, increases ICAM-1 expression and promotes CTL-mediated cytolysis (Ueda et al., 2009 ). Previous studies have pointed out the overexpression of miR-21 in glioblastoma and other cancers as a predictive marker for overall survival (Yang et al., 2014) . In glioblastomas, overexpressed miR-92b-3p is associated with invasion, migration and apoptotic evasion (Song et al., 2016) . Additionally, miR-182-5p has been reported to be upregulated by STAT3 and to promote glioma tumorigenesis (Xue et al., 2016) . In this study, miR-21-5p is associated with decreased MGMT expression. It has been reported that low expression of MGMT is associated with longer overall survival and response to radiotherapy and chemotherapy in glioblastoma (Hegi et al., 2005; Rivera et al., 2010 ). In the current study, low miR-92b-3p and miR-182-5p levels were correlated with a shorter overall survival. miR-182-5p downregulation was also found to be significantly correlated with overall survival in the TCGA analysis. Additionally, miR-21-5p and miR-339-5p were both associated with migration, invasion and apoptosis in both GBM cell lines used in this study. Upregulation of miR-21 has been associated with increased invasion and migration capability in U-87 and A-172 previously (Luo et al., 2017) . Our study confirms these results, as downregulation of the miRNA has decreased these abilities. Our results also confirm the anti-apoptotic role of miR-21 in gliomas that has been reported previously (Chai et al., 2018) . Taken together, these three miRNAs can be driving factors of the rapid proliferation, and invasive character of glioblastoma cells.
After transfecting glioblastoma cell lines with the corresponding anti-miR molecules, we have observed that NEGR1, ANKS1B, NEFM, NEFL, NPTX1 and TUSC3 levels significantly increased in at least one of the glioblastoma cell lines. NEGR1 is a newly identified tumor suppressor that has been shown to be downregulated in colon, liver, lung, ovary, stomach and pancreatic cancers. Additionally, downregulation of the gene caused an increase in cell migration and invasion in these cells . We discovered that this gene is also Fig. 1 . The relative expression levels of selected miRNAs and mRNAs in patient samples as determined by real-time PCR analysis. Each point represents a patient sample or healthy control cell line. '*' indicates p < 0.05, '**' indicates p < 0.01 and '***' indicates p < 0.001. downregulated in glioblastoma samples. Additionally, NEGR1 expression is positively correlated with the p16 level in our cohort. Several studies have reported that p16 dominantly suppresses glioblastoma growth and is a well-known tumor suppressor for the disease (Hung et al., 2000; Simon et al., 2002) . These findings suggest that NEGR1 might be executing a tumor suppressor role in GBM.
NEFM and NEFL cooperate to form neurofilaments in mature neurons. DNA methylation-associated silencing of neurofilament genes, Fig. 2 . mRNA expression levels after targeting with corresponding anti-miRNA molecules. Anti-miR-21-5p, Anti-miR-92-3p, Anti-miR-182-5p, and Anti-miR-339-5p were administered to A-172 and U-87 cells, and target mRNA levels were determined after 48 h. No UNL13C level could be detected in the cell lines; therefore, they were excluded from the results. '*' indicates p < 0.05. Fig. 3 . Spearman correlation of miRNAs and their corresponding mRNA targets in patient samples. 'p' indicates significance and 'r' is the correlation coefficient.
including NEFM and NEFL, promotes an aggressive phenotype in breast, pancreatic, gastric and colon cancers. Restoring neurofilament production through this gene network reduces cell proliferation and growth of breast cancer cells (Calmon et al., 2015) . Here, we show that these two genes are also downregulated in glioblastoma, and regulated with miR-92b-3p. Moreover, low level NEFM is associated with a shorter overall survival in our samples as well as the TCGA database analysis. Furthermore, lower NEFL levels are associated with a higher risk of recurrence in our cohort. In one study, an abundance of neurofilament-protein expression was associated with a distinct clinical and anatomical behavior as well as higher overall survival and progressionfree survival in patients with glioblastoma (Pallud et al., 2012) . Taken together, neurofilament-related genes and regulators such as miR-92b-3p, NEFM and NEFL might be decisive biomarkers for glioblastoma UNC13C was identified as one of the most frequently mutated genes in gingivo-buccal oral squamous cell carcinoma (India Project Team of the International Cancer Genome, 2013). Both in the current study and the TCGA, this gene was correlated with overall survival which is another hint that it might be an important cancer-associated gene. TUSC3 is a potential tumor suppressor in cancers, and in ovarian cancer it is associated with progression-free and overall survival (Pils et al., 2013) . Our results reveal that this gene is also a potential tumor suppressor in glioblastomas as it is significantly downregulated in glioblastoma samples. In the current study TUSC3 is inversely correlated with Olig2 expression in patient samples, which is a specific GBM cancer stem cell marker (Trepant et al., 2015) . Nevertheless, TUSC3 had a positive correlation with tumor size, which is a contradictory result.
Conclusions
Our study presents valuable integrated data about mRNA and miRNA expression in glioblastoma samples. Markers that can play a role in glioblastoma pathophysiology have been determined, and the results reveal a relationship between miRNAs and novel potential target molecules in glioblastoma. Further studies of these gene networks can produce translational information, leading to a better understanding of the initiation and progression of glioblastomas and perhaps introducing alternative treatment approaches for the disease. 
Experimental procedure
Ethics statement
This study was approved by the Institutional Review Board of Yeditepe University Hospital (No: 000274/2013), and written informed consent was obtained from all participants.
Sample collection
GBM tissue samples and healthy tissue samples were obtained from Department of Neurosurgery, Yeditepe University Medical School, Yeditepe University, Istanbul, Turkey from July 2013 to February 2015. Fifty GBM tissue samples and seven healthy tissue samples were used. Five of the seven healthy tissues were autologous tissues taken from corresponding patients in our tumor sample group. The other two were healthy brain tissues obtained from other brain surgery. Tissues were fresh frozen and preserved at −80°C until RNA extraction. The clinicopathological data was collected retrospectively. The follow-up time was calculated from the date of surgery to death or last check date (May 2016). GBM tissue samples that were pathologically defined as GBM and contained at least %50 tumor were included to the study. Samples lacking sufficient clinicopathological information or sufficient follow-up time were excluded from the study Clinical information was collected for each sample, including demographic data, tumor location, and prognosis. (Supp. Table 1 ).
Cell cultures
A-172 and U-87 cell lines, available at ATCC: The Global Bioresource Center, were kindly provided by Koc University (Istanbul, Turkey). Cells were cultured in culture flasks or well plates in DMEM and EMEM, respectively, containing 10% fetal bovine serum and 1% antibiotics. Normal Human Astrocytes were obtained from Lonza (Allendale, NJ) and grown with AGM BulletKit (Lonza). Human Fetal Astrocytes were obtained from ABM (Richmond, British Columbia, Canada) , and grown in collagen-coated plates according to the manufacturer's protocol.
Cell lines were checked routinely for surface markers and molecular markers by using Sanger sequencing for short tandem repeats. Polymerase chain reaction-based mycoplasma kit was routinely used to screen for contamination.
Microarray analysis
Tissues were ground with liquid nitrogen, followed by the TRIzol (ThermoFisher Scientific) method, according to the manufacturer's protocol, to obtain total RNA. Cell lines were harvested through the direct addition of TRIzol to proceed to total RNA isolation. Whole transcriptome expression profiling was done using Affymetrix Human Gene 2.1 ST Array Strip (Cat no: 902114, Affymetrix, Santa Clara, CA). miRNA microarray analysis was done with the Affymetrix miRNA 4.1 Array Strip (Cat no: 902404). The GeneAtlas system (Affymetrix) was used to hybridize, wash, stain and visualize the chips. The acquired data was analyzed with Transcriptome Analysis Console (TAC) 3 software (Affymetrix) and the DAVID online database. Selected miRNAs and mRNAs were analyzed with the chi-square test for Gender, Olig2, MGMT status, Recurrence, WHO grade, p16 status. Significant results are shown here.
miRNA and mRNA expression levels
Levels of miRNAs of interest in glioblastoma tissues, control tissues, and cell lines were evaluated with real-time polymerase chain reaction (PCR) using miRNA primers obtained from Exiqon (Vedbaek, Denmark) after cDNA synthesis from total RNA samples, according to the manufacturer's protocol (Exiqon, Cat. No.: 203300) . mRNA levels were measured with Taqman primers (ThermoFisher Scientific) after cDNA synthesis. Data was analyzed with the 2 −ΔΔCt method. 5S RNA and GAPDH were used for normalization.
Anti-miRNA transfections
Cy3 Dye-Labeled anti-miR Negative Control #1 (Cat: AM17011, ThermoFisher Scientific) was used to test the ability of X-tremeGENE siRNA Transfection Reagent (Roche, Germany) to transfect glioblastoma cell lines after 48 h. After validation, cells were transfected with anti-miRNA mimics (Ambion anti-miR miRNA Precursors PM: 114065) followed by total RNA isolation, miRNA reverse transcription and real-time PCR. The targeted miRNA levels were measured 48 h after transfection. Scrambled anti-miRNA molecules were used as the control group.
Apoptosis assay
BD Apoptosis Detection Kit (BD Pharmingen, San Diego, California) was used to detect early apoptotic cells (Annexin V + 7-AAD-) 48 h after transfection of antimiR-21-5p, antimiR-92b-3p, antimiR-182-5p and antimiR-339-5p according to the manufacturer's protocol by using BD FACSAria III (BD Biosciences).
Trans-well invasion and migration assay
Transwell membrane inserts of 8.0 µm (Millipore, Burlington, Massachusetts) were used to evaluate changes in the invasion and migration of transfected cells. Chambers were coated with 100 µl of 250 µg/ml Basement Membrane Matrigel (BD Biosciences) and incubated overnight at 37°C for the invasion assay. A172 and U-87 cells were transfected with antimiR-21-5p, antimiR-92b-3p, antimiR-182-5p and antimiR-339-5p. After 24 h of transfection, cells were de-attached with trypsin and 5x104 cells were transferred into the upper chambers in 100 µl serum-free DMEM. The lower chambers filled with 1300 µl DMEM supplemented with %20 FBS and incubated for two days. After that, Inserts were fixed with %3.7 formaldehyde, permeabilized with methanol and stained with crystal violet. Inverted microscope was used to score.
In silico correlation analysis of miRNA expression and drug sensitivity
To identify miRNAs whose expression correlates with drugs sensitivity, we utilized RNA-seq data obtained for glioblastoma cells lines from the E-MTAB-2706 (Klijn et al., 2015) . We first performed a linear correlation analysis between miRNA RPKM values and IC50 data generated for irinotecan in 3 different cytotoxicity databases, CCLE (Barretina et al., 2012) , CGP (Garnett et al., 2012) and gCSI (Haverty et al., 2016) . miRNAs that showed a correlation (Pearson's) of either greater than 0.6 or < −0.6 with IC50 values in all three databases, and which had a p value (Pearson's) lower than 0.05 in at least one database were selected. We next tested whether miRNAs 21, 92B, 182 OR 339 expression in glioblastoma correlated with sensitivity to any of the drugs in the three databases mentioned above.
Statistical analysis
The one-way between-subjects ANOVA (unpaired) method was used to evaluate the microarray results. Real-time PCR data was analyzed by the 2 −ΔΔCt method. Spearman's two-tailed correlation test was used to determine correlations between tumor size and mRNA-miRNA levels, and miRNA and mRNA target levels. For other clinicopathological features, the two-tailed chi-square test was used. The calculation and interpretation of p values for functions and gene networks at Tables 1  and 2 was done with a right-tailed Fisher's exact test. The overall survival graphs were prepared by using Kaplan-Meier survival analysis with the Mantel-Cox test. All other statistical analyses were done using student's t-test. Differences with p values of < 0.05 were considered statistically significant. The high and low miRNA or mRNA expression groups of patients were separated according to the median expression level value. Significant outliers were detected and excluded from analysis. For confirmation of survival analyses, miRNAs and mRNAs which are significantly associated with overall survival time in our cohort were also analyzed in online biomarker validation tools (AguirreGamboa et al., 2013; Aguirre-Gamboa and Trevino, 2014) . Glioblastoma data obtained from TCGA (The Cancer Genome Atlas) were analyzed using bioinformatics tools (TCGA data version: 2016_01_28).
